gave two separable diastereomeric thiones, which can be transformed to enantiomeric BEDT-TTF derivatives with four or eight hydroxyl groups.
Here we describe the synthesis of a range of ET donors carrying between one and eight hydroxyl groups. Introduction of hydroxyl groups on to a donor molecule brings not only the possibility of hydrogen bonding in the radical cation salts to anchor the anions in unique sites and orientations, but also provides a point for attachment of further functionality. In the TTF series mono-, di-and tetra-(hydroxymethyl) derivatives have been reported, [22] [23] [24] hydrogen bonding to anions in their radical cation salts has been observed, 24 and they have been utilised in the construction of more complex systems. 25 We and others have reported synthetic routes to racemic hydroxymethyl-ET 14, 18, 26, 27 the cheapest and most efficient using the acetyl protecting group, and we have also synthesized the enantiopure form. 28 A number of semiconducting microcrystalline 2:1 radical cation salts of racemic 14 have been prepared. 26 Routes to the ET donor with cis oriented hydroxymethyl groups 15, 27 a stereoisomeric mixture of the tetrakis(hydroxymethyl)ET 16 29 and donors with expanded outer rings substituted with hydroxyl or hydroxymethyl groups 17-18 [30] [31] have been reported. Two radical cations salts of di(hydroxymethyl)-substituted materials have been described: (15) 2 Cl and (17) Discussion.
Preparation of hydroxyethyl-ET 19.
The general approach in these syntheses is illustrated by the synthesis of hydroxyethyl-ET, HEET, 19. The synthetic routes rely on the cyclisation of the trithione 24 with the appropriate alkene, a reaction first used by Neilands. 33 Refluxing but-3-en-1-ol with trithione 24 in toluene gave the thione 25 in 83% yield, followed by protection of the hydroxyl group as an acetate to give 26, which was necessary for a successful subsequent cross coupling reaction. Thione sulfur/oxygen exchange gave oxo compound 27, which was cross coupled with the unsubstituted thione 28 to give the protected donor 29 in 54 % yield. Hydrolysis gave HEET 19 in five steps with an overall yield of 14 % (Scheme 1). Both hydroxymethyl-ET 14 18 and HEET 19 have The ET derivative with two vicinal trans oriented hydroxymethyl groups was prepared in a similar way. Cyclisation of trithione 24 with the trans-but-2-en-1,4-diol, which was prepared from but-yn-1,4-diol by reduction with lithium aluminium 6 hydride, 34 gave diol 35 in 41% yield. Protection of hydroxyl groups as acetates to give 36, was followed by the standard three steps of (a) sulfur/oxygen exchange to give oxo compound 37, (b) cross coupling with unsubstituted thione 28 to give the protected donor 38 in 55% yield, and (c) deprotection to give the trans diol 20 in an overall yield of 17% (Scheme 2). The different disposition of the hydroxymethyl groups, compared to the cis isomer 15, is expected to affect the structures of its radical cation salts with anions which can act as hydrogen bond acceptors. The cross coupled product, with two protecting groups of each type, runs between the two sets of homo-coupled products which each carry four protecting groups of the same type. Finally, the tetrol 21 was prepared by hydrolysis of the protecting groups of 53 with aqueous 20% HCl in THF. We believe this principle of using two protecting groups of quite different polarities will find application in the synthesis of further polysubstituted donors. We have already reported the total diastereoselectivity of the reactions of the trithione 24 with enantiopure alkenes (-)-α-pinene, (-)-β-pinene and (+)-2-carene.
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Encouraged by this, we extended the study to the structurally less complex enantiopure alkene 54 (Scheme 5) which has two stereocentres adjacent to the double bond and four protected hydroxyl groups and which is readily prepared from Dmannitol. 36 Trithione 24 reacted with this alkene to give major (31%) and minor (5%) 1:1 addition products which were assigned structures 55 and 56 respectively, based on the X-ray crystal structure of the minor isomer 56 (Fig. 1) . Thus, the major product is formed by addition of trithione 24 to the Si face of enantiopure alkene 54 as shown in 
61
. 38 These larger shifts may relate in part to the poorer conjugation of the dithiin S atoms with the dithiole ring when the former has the boat conformation. The major product 55 was converted to its oxo compound 57 with mercuric acetate and coupled to the unsubstituted thione 28 using triethyl phosphite to give the protected donor 58 in 35% yield after chromatography. Finally, deprotection with 2M
HCl in THF yielded the enantiopure tetrol 22 in 94% yield. Furthermore, self coupling of the oxo compound 57 in triethyl phosphite furnished the donor bearing four ketal groups 59 in 60% yield, which could be deprotected in a similar way to
give the enantiopure octol 23.
The oxidation potentials of the new hydroxyl substituted donors, measured in dichloromethane, indicate that the overall pattern of two reversible oxidations is retained (Table 1) , though the octol 23 was completely insoluble in this solvent, and measurements in THF did not indicate a reversible system. We are now investigating the electrocrystallisation of these materials. Of particular interest will be to see how the interaction of the hydroxyl groups with the anions control the solid state structures of the radical cation salts. 
Conclusion.
We have reported syntheses of a series of ET-derivatives carrying one, two, four and eight hydroxyl groups, two of them in enantiopure form. Molecules 22-23
are particularly attractive donors, since, apart from the potential for having chiral hydrogen bonding networks in their radical cation salts, these donors are starting materials for preparing dendrimeric materials. These single enantiomers will also provide important substrates for investigating the influence of chirality on electrical and magnetic properties. The second enantiomers will be available from the other enantiomer of alkene 54, and the racemate is available by mixing equal amounts of the two enantiomers, a rare case where it is more work to prepare the racemate than the enantiomer. Rikken has reported magnetochiral anisotropy in the conductivity of carbon nanotubes, 39 and our donors will provide a test bed for investigating the effect of chirality on the electrical properties of organosulfur donors. Furthermore, the University. Flash chromatography was performed on 40-63 silica gel (Merck).
5,6-Dihydro-5-(2'-hydroxyethyl)-1,3-dithiolo[4,5-b]-1,4-dithiin-2-thione 25
3-Buten-1-ol (7.00g, 104.4mmol) and trithione 24 40 
Thiophen-3-ylmethylthioethyl-ET 31
To a solution of sodium metal (0.03g, 1.2mmol) in dry methanol (5ml) under nitrogen and in the dark was added a solution of thiophene-3-methylthiol 41 
Thiophene-3-carboxylic acid, HEET ester 32
To a solution of HEET 19 (0.16g, 0.38mmol) in dry THF (10ml) was added triethylamine (2ml) and thiophene-3-carbonyl chloride (0.11g, 0.77mmol), which had been prepared from the carboxylic acid 42 
trans-vic-Bis(acetyloxymethyl)-ET, 38
A mixture of oxo compound 37 (0.75g, 2.13mmol) and thione 28 (0.72g, 3.20mmol)
were heated in triethyl phosphite (10ml) to 90ºC under N 2 for 5h. to give an orange 
4-dithiin-2-thione, 47
To a solution of 46 (2.00g, 7.04mmol) in dry DMF (120ml) was added sequentially imidazole (9.59g, 140.8mmol) and t-butyldiphenylsilyl chloride (4.51ml, 17.6mmol).
After stirring at room temperature overnight, water (100ml) and dichloromethane (200ml) were added, the dichloromethane layer separated, and the aqueous layer extracted twice more with dichloromethane (2x40 ml). The combined organic solution was washed sequentially with ice-cold HCl (3M, 3×50 ml) and water (50 ml) and 
4-dithiin-2-one, 48
To a solution of thione 47 (2.50g, 3.28mmol) 
cis-Bis(t-butyldiphenylsilyloxymethyl)-trans-bis(acetyloxymethyl)-ET, 53
A mixture of oxo compound 47 (2.37g, 3.19mmol ) and thione 36 (1.20g, 3.26mmol) were heated in triethyl phosphite (30ml) to 90ºC under N 2 for 5h. to give an orange 
Reaction of trithione 24 with alkene 54
A mixture of the di-ketal 54 36 Further elution with 1:1 cyclohexane / ethyl acetate gave a second fraction containing 56 and starting material 54 which was further purified by flash chromatography (dichloromethane) to give a yellow oil which on trituration with ether gave 5S,6S- 
